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Loads
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BackgroundBackground
• Earthquake forces are lateral forces

• Ground moves suddenly horizontally (also 
vertically)

• Earthquake forces are lateral forces

• Ground moves suddenly horizontally (also 
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• Inertia of the 
building tries 
to keep it 
from moving
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from moving
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BackgroundBackground
• Resulting force on the building can be 

simplified to be a lateral force - a shearing 
force on the base of the structure
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force on the base of the structure

• Force 
depends on:
• earthquake 

intensity

• soil 
conditions

• stiffness of 
building
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Determining Seismic ForcesDetermining Seismic Forces
• ASCE 7 serves as the basis for calculating 

seismic forces

• We’ll use the Standard Building Code

• methods in SBC limited to buildings < 35 ft 
high

• Methods determine:

• seismic forces on members and 
connections

• story drift
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Seismic DesignSeismic Design
• Complete design checks:

• vertical distribution of shear forces

• horizontal distribution of shear forces

• overturning moment

• story drift
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• Equivalent Base Shear calculated by 
(1999 Standard Building Code):

• Equivalent Base Shear calculated by 
(1999 Standard Building Code):

WCV S= WCV S=
• V = equivalent shear force acting on the 

base of the structure (lbs)

• CS = seismic design coefficient

• W = total dead load of the building (lbs)
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• Seismic Design Coefficient Cs:• Seismic Design Coefficient Cs:
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• AV = coefficient for peak velocity related 
acceleration

• S = coefficient for soil profile characteristics 
of the site

• R = response modification factor

• T = fundamental period of the building
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• Design Step 1:• Design Step 1:

• Document the required design data:
• Building location

• Use of building - exposure

• Site conditions

• Type of structure

• Type of analysis method used

• Document the required design data:
•• Building locationBuilding location

•• Use of building Use of building -- exposureexposure

•• Site conditionsSite conditions

•• Type of structureType of structure

•• Type of analysis method usedType of analysis method used

• Design Step 2:• Design Step 2:

• Find Av and Aa
• See Figure 1607.1.5A

• See Figure 1607.1.5B

• Find Av and Aa
•• See Figure 1607.1.5ASee Figure 1607.1.5A

•• See Figure 1607.1.5BSee Figure 1607.1.5B
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• Design Step 3:• Design Step 3:

• Find the Seismic Hazard Exposure 
Group
• See Table 1607.1.6 for the classification 

of the building
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• Design Step 4:• Design Step 4:

• Find the Seismic Performance Category
• See Table 1607.1.8 for the performance 

category
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•• See Table 1607.1.8 for the performance See Table 1607.1.8 for the performance 

categorycategory
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• Design Step 5:• Design Step 5:

• Find the Site Coefficient
• See Table 1607.3.1 for the site 

coefficient

• Use 2.0 if you don’t have information

• Make sure you do the site investigation 
to know the soil characteristics
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• Design Step 6:• Design Step 6:

• Find the Response Modification Factor, R
• See Table 1607.3.3

• Find the Deflection Amplification Factor, 
Cd

• See Table 1607.3.3

• Find the Response Modification Factor, R
•• See Table 1607.3.3See Table 1607.3.3

•• Find the Deflection Amplification Factor, Find the Deflection Amplification Factor, 
CCdd

•• See Table 1607.3.3See Table 1607.3.3
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• Design Step 7:• Design Step 7:

• Calculate the Fundamental Period of the 
building, T
• T is from an analysis of the structural 

properties of the building elements

• to estimate T, we use:
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• Calculate the Fundamental Period of the 
building, T

• Calculate the Fundamental Period of the 
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• CT = 0.02 for wood framed buildings with 
shear walls

• hn = height of building

• Ca is from Table 1607.4.1.2
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• Design Step 8:

• Calculate Seismic Design Coefficient 
Cs:

• Design Step 8:

• Calculate Seismic Design Coefficient 
Cs:
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• Design Step 9:

• Calculate Dead Load of the 
Building, W

• Estimate weights of all 
building materials and 
permanent fixtures

•HVAC, plumbing, etc.

• Design Step 9:

• Calculate Dead Load of the 
Building, W

•• Estimate weights of all Estimate weights of all 
building materials and building materials and 
permanent fixturespermanent fixtures

•• HVAC, plumbing, etc.HVAC, plumbing, etc.

• Design Step 10:
• Calculate base shear force:

• Design Step 10:
• Calculate base shear force:

WCV S= WCV S=
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• Other Steps:
• Calculate vertical distribution of shear 

forces

• Calculate horizontal distribution of 
shear forces at each story
• depends on relative stiffness of each 

vertical structural element

• Check torsion in building
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•• Check torsion in buildingCheck torsion in building

• Other Steps:
• Find overturning moments

• Calculate story drift and compare 
against the allowable drift

• Check building stability
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Continuous Load PathContinuous Load Path
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Determining Deflection Determining Deflection 
CriteriaCriteria

• Deflection is the main serviceability concern 
in structures

• Excessive deflection in floors and roofs 
makes occupants feel uncomfortable

• Excessive deflection leads to cracked 
ceilings, cracked walls, cracked bridge 
surfaces
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Deflection CriteriaDeflection Criteria
• Deflection criteria for buildings are found in 

Standard Building Code (and many other 
design references)
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Standard Building Code (and many other 
design references)
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Deflection CriteriaDeflection Criteria

LLL

Load CombinationsLoad Combinations
• Don’t forget to apply load combinations in 

design
• Don’t forget to apply load combinations in 

design
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